vide evidence that can inform policymakers about the magnitude and health impact of unsafe abortion, we sought to estimate the incidence of induced abortion in Malawi.
Unsafe abortion is a public health concern for many developing countries. The World Health Organization has estimated that 21.6 million unsafe abortions and 47,000 abortion-related deaths occurred globally in 2008. 1 The vast majority (98%) of unsafe abortions take place in developing regions. The risk of death from unsafe abortion is highest in Sub-Saharan Africa, where an estimated 520 deaths occur per 100,000 unsafe abortion procedures, compared with about 30 per 100,000 in the developed world. 1 Unsafe abortion is one of the major factors contributing to high levels of maternal mortality (pregnancy-related deaths). 2 Sub-Saharan Africa has the highest maternal mortality ratio in the world-an estimated 640 deaths per 100,000 live births in 2008, of which 14% were due to abortion complications. 1, 3 According to the 2010 Malawi Demographic and Health Survey (DHS), the average maternal mortality ratio during the seven-year period before the survey was 675 deaths per 100,000 live births (range, 570-780). 4 Although a comparison of maternal mortality ratios for 2004 and 2010 (984 and 675, respectively) shows a substantial decline, the rate of maternal deaths remains very high in Malawi. 3, 5 A study at a large facility in Malawi indicated that 24% of maternal deaths in 1999 were attributable to postabortion complications. 6 Studies have shown that banning or severely restricting abortion does not reduce abortion rates, but instead affects the safety of the procedure. In regions where most women live under restrictive abortion laws, the estimated abortion incidence is higher than it is in regions comprising countries with liberal abortion laws. 1, 7 In countries with restrictive laws, not only do some women die from unsafe abortion, but many others suffer long-term health consequences, including chronic pain and sterility. 8 In Malawi, abortion is legal only when performed to save a pregnant woman's life. 9 Despite this restrictive law, a study by the Family Planning Association of Malawi revealed that women in Malawi seek abortion for a variety of reasons, including poverty, unplanned pregnancy, coercion, shame and fear of being forced out of school. 10 In a 2004 study of Malawian adolescents, more than one-third of 15-19-year-olds and about one-fifth of 12-14-year-olds reported having one or more close friends who had tried to end a pregnancy. 11 As only a few Malawian studies on abortion and related morbidity and mortality have been conducted in the past decade (all of them small-scale, hospital-based studies), up-to-date national data on abortion are greatly needed. 6, 12 To fill this important gap, and to pro-nated. Lists of remaining facilities were given to Ministry of Health zonal health supervisors, † who indicated that 427 facilities on the list were likely to be providing postabortion care. We then used a single-stage stratified sampling approach to select a nationally representative sample of these facilities. We included in the sample all 188 public and NGO facilities that were thought to provide postabortion care (including public referral and teaching hospitals, district hospitals, public health centers, NGO hospitals and NGO health centers) and both private hospitals. The 237 listed private clinics were stratified by the country's five zones; we used systematic random sampling to select one-third (79) of these facilities. In total, 269 facilities were selected for the study (Table 1) .
The research team contacted all facilities by telephone to obtain the name of (and contact information for) the main provider of postabortion care and to invite him or her to participate in the study. During these conversations, the research team confirmed that 166 of the 269 facilities were currently providing postabortion care. Of these 166 facilities, 93 were public (46 health centers, 43 secondary facilities and four tertiary facilities), 65 were run by NGOs (35 health centers and 30 secondary facilities) and eight were private (six clinics and two tertiary facilities).
Data Sources
The Prospective Morbidity Survey, Health Facilities Survey and Health Professionals Survey were pretested in July 2009; data collection ran from August to October 2009.
•Prospective Morbidity Survey. The main provider of postabortion care at each participating facility attended a twoday training program on the data collection tool. Providers who worked at larger facilities trained other providers of postabortion care at their facilities once they returned. The Prospective Morbidity Survey was fielded for 30 days at each facility. For every woman who presented for postIncidence Complications Methodology (AICM), which incorporates data from two component studies, the Health Facilities Survey and the Health Professionals Survey. The methodology was adapted to utilize additional data from a third source, the Prospective Morbidity Survey, on the number of women treated for abortion complications. 18, 19 The details of these surveys, as applied in Malawi, are described below.
This study received ethical approval from the Malawi National Health Sciences Research Committee. Data for the Prospective Morbidity Survey were collected as an extension of routine medical record keeping performed by postabortion care providers. The data collection tool closely resembled a patient medical chart, except that names and other identifying information were not recorded. Informed consent was obtained from participants in the Health Facilities and Health Professionals Surveys.
Sampling Frame
To generate the list of facilities in the sample, we followed a three-step process. First, we compiled a list of all health facilities in Malawi; next, we identified the facilities on the list that were potential providers of postabortion care; and finally, we further reduced the list to public and nongovernmental (NGO) facilities known to provide postabortion care.
To create the initial list, the research team, in collaboration with the Malawi Ministry of Health and the Medical Council of Malawi, used the November 2008 edition of the Malawi Government Gazette, which listed all licensed public, NGO and private hospitals and clinics along with their registration number, address, district, type (such as government health facility or Christian Health Association of Malawi facility) and director. This list was supplemented by lists of facilities associated with Banja La Mtsogolo* and the Ministry of Health's Reproductive Health Unit to create a national list of 893 facilities.
To restrict this list to facilities that potentially provided postabortion care, we took several steps. First, facilities that clearly did not provide maternal health care, such as the Malawi Defense Force health facilities and certain types of specialized clinics (e.g., mental health clinics), were elimi-*Banja La Mtsogolo is a nongovernmental organization affiliated with Marie Stopes International. †Zonal health supervisors are Ministry of Health employees who are assigned to one of Malawi's five geopolitical zones; they have frequent contact with the government and NGO health facilities in their zone. These individuals were able to obtain valuable, up-to-date information on the services provided at facilities in their zone. 
Calculation of Abortion Incidence
In the AICM, the incidence of abortion is estimated by determining the number of women who received postabortion care at health facilities during a one-year period and then adjusting this figure to include women who had abortion complications but did not obtain care at a health facility and those who had an abortion but did not have complications (and thus did not need treatment). The number of women who received postabortion care is determined using annual postabortion care caseloads from the Prospective Morbidity and Health Facilities Surveys. Because some women who receive postabortion care have had spontaneous abortions (miscarriages), the next step is to subtract the estimated number of women who had obtained treatment for complications of spontaneous abortions from the total number of women with abortion complications; the result is the number of women treated for complications of induced abortions. Next, a factor or multiplier is generated using information obtained from the Health Professionals Survey to account for the remaining women who had an induced abortion; the multiplier can be interpreted abortion care during the data collection period, the provider recorded information on the woman's demographic characteristics, her presenting clinical signs and symptoms and the clinical care she received. Ninety-eight percent of selected facilities participated in the survey.
•Health Facilities Survey. The Health Facilities Survey was also fielded at each facility. After attending a weeklong training course on the study and its data collection tool, Ministry of Health zonal supervisors interviewed a key informant at each facility who was knowledgeable about provision of postabortion care at the facility. The informant, who was typically the facility's director or main provider of postabortion care, was asked to estimate the number of women treated for postabortion complications as inpatients and outpatients, both in the past month and in an average month. The two reference periods were used to take into account variation over time in the facility's caseload. The informant also provided information on a range of other topics, including the types of reproductive health services provided at the facility (such as manual vacuum aspiration) and details about postabortion family planning provision. Ninety-nine percent of sampled facilities participated in the study.
•Health Professionals Survey. The investigators consulted with a range of experts in the field of reproductive health in Malawi to identify potential key informants for the Health Professionals Survey. This produced a list of 123 possible respondents-health professionals who had extensive knowledge of the conditions under which women obtain abortions in Malawi. Study investigators attempted to contact each prospective participant to assess his or her availability and interest in being interviewed; 56 were successfully interviewed. Most respondents were obstetriciangynecologists (32%), medical officers (27%) or clinical officers (21%); on average, they had 16 years' experience in reproductive health. Sixty-one percent of participants were currently working in one of Malawi's two major cities (Lilongwe and Blantyre), although 52% had worked in a rural area for at least six months in the past five years. During the interviews, the experts provided three types of estimates: the percentage distribution of women who obtain abortions, according to the type of provider; the probability that women who have an abortion experience complications that require medical care, according to the type combination with 2008 census data on urban-rural population composition, we estimate that in 2009, 45% of women were rural poor, 7% were urban poor, 40% were rural nonpoor and 8% were urban nonpoor. The multiplier is the inverse of the weighted proportion of abortion recipients who were treated in health care facilities; in Malawi, this proportion was 28% and the multiplier was 3.6 (i.e., 1.0/0.28). We applied this multiplier to the number of women treated for complications of induced abortion to produce estimates of the number of women who had abortions in 2009, both for Malawi as a whole and for the country's major regions. Given that these are approximate measures of abortion incidence, we also provide upper and lower estimates by applying two alternative multipliers (2.6 and 4.6) obtained by reducing or increasing the value of the multiplier by 1.0.
Validity Check
We used data from facility logbooks provided and tracked by the Ministry of Health as a validity check of the robustness of the estimate of the annual postabortion care caseload. No special efforts were made for this study to ensure the completeness of the logbook data; the data were collected as recorded. Logbook data were available from 124 to mean that for every woman who obtained postabortion care, a certain number of others also had an induced abortion but did not receive or require treatment for complications. The product of the multiplier and the number of women treated for complications of induced abortion is an estimate of the number of induced abortions.
As noted earlier, our estimate of the number of women treated for abortion complications was derived from multiple data sources. Prospective Morbidity Survey caseloads during the 30-day data collection period were multiplied by 12.2 to provide the number of women receiving postabortion care in 2009. In addition, the two estimates of postabortion care caseloads obtained from the Health Facilities Survey-cases in the past month and those in the typical month-were each multiplied by 12 to produce annualized numbers. The three data points were then averaged to create a best composite estimate of the annual caseload for each facility. After weighting the data to adjust for nonparticipating facilities and for proportional sampling of private facilities, we estimate that a total of 29,500 women received postabortion care in Malawi in 2009 (Table 2) .
This estimate includes both women who had induced abortions and those who had spontaneous abortions. Because of the stigma surrounding the reporting of induced abortions and the difficulty of clinically differentiating complications of spontaneous abortions from those of induced abortions, survey respondents were not asked to distinguish between the two types of abortion complication patients. Instead, the AICM uses an indirect approach to estimate the number of women treated in facilities for complications of each type of abortion.
In particular, the number of late spontaneous abortions (those that occurred at 13-21 weeks' gestation and thus would have required women to obtain facility-based care*) is estimated to be 3.41% of the number of live births, a proportion determined from clinical studies of spontaneous pregnancy loss. 19, 23, 24 We estimated the number of births in Malawi in 2009 by applying age-specific fertility rates from the 2010 DHS (for the three-year period preceding the survey) to the number of women in the population in 2009, † yielding an estimate of 585,100 live births ( Table  3 ). The number of late spontaneous abortions, therefore, would have been about 19,950. However, not all women who have late spontaneous abortions obtain care at a health facility; as a proxy for the proportion who do, we used the proportion of women who gave birth at a health 
Unintended Pregnancy
The total number of pregnancies in 2009 was calculated by summing the estimates of the numbers of live births, induced abortions and spontaneous abortions (early or late).
To estimate the number of pregnancies that end in spontaneous abortions, we used a model-based approach derived from clinical studies of pregnancy loss by gestational age; 23,24 according to this model, the estimated number of pregnancy losses is equal to 20% of the number of live births (whether planned or unplanned) plus 10% of the number of induced abortions. The numbers of planned and unplanned births were calculated by applying 2010 DHS data on the percentage of births that were wanted and the percentage that were either mistimed or unwanted* to the total number of live births. Unintended pregnancies are defined as those that ended in an unplanned birth, an induced abortion or a spontaneous abortion (if the pregnancy was not planned); similarly, intended pregnancies are those that ended in a planned birth or in a spontaneous abortion (if the pregnancy was planned).
Other Analyses
Rates of abortion and hospitalization for complications of unsafe induced abortion in 2009 were estimated per 1,000 women aged 15-44. We used age-specific fertility rates from the 2010 DHS to calculate the abortion ratio, expressed as the number of abortions per 100 live births. Pregnancy rates and unintended pregnancy rates were calculated based on the number of women aged 15-44 in 2009. Data were analyzed using Stata version 11 and Excel 2007. Unweighted counts and weighted proportions are reported for Malawi as a whole as well as for the Northern, Central and Southern regions. Postabortion care caseload data from the facilities were weighted to generate estimates for a nationally representative sample of facilities providing such care.
RESULTS

Postabortion Services Caseload
From Prospective Morbidity Survey data, we calculated that 26,600 women were treated for complications in Malawi in 2009 (Table 2) . We obtained a slightly higher estimate of annual caseload (30,600) when we averaged (75%) of the 166 facilities in the study. Zonal supervisors extracted logbook data on the number of postabortion care procedures that were recorded during the 30 days prior to data collection and the number recorded during the 30 days of data collection. The mean of these two numbers was used to represent the logbook monthly caseload, which was annualized by multiplying by 12.2, yielding an estimate of 32,700. For the subset of facilities with logbook data, an r 2 test was used to determine the correlations of the logbook caseload with the Prospective Morbidity Survey caseload and the Health Facilities Survey estimates. The r 2 test had a value of 0.9 for the comparison between logbook data and Prospective Morbidity Survey data, indicating high comparability. The test had a value of 0.7 for the comparison of logbook data with the mean of the two Health Facilities Survey estimates, and values of 0.5 and 0.7 for the comparison with the average month's and previous month's Health Facilities Study estimates, respectively, indicating lower comparability.
To test the robustness of our estimate of the number of women who obtained postabortion care at health facilities in 2009, we created a composite variable that averaged the four estimates (the Prospective Morbidity Survey caseload, the two Health Facilities Survey estimates and the logbook caseload). The resulting estimate was that 29,900 women were treated for complications (95% confidence interval, 24,300-35,500 women), which is almost the same as the estimate of 29,500 calculated earlier by averaging the three values obtained from the Prospective Morbidity and Health Facilities Surveys. This similarity confirms that those estimates were robust and strengthens our confidence in the validity of the data from the Prospective Morbidity and Health Facilities Surveys.
*The DHS data on wantedness (wanted at the time, mistimed or unwanted) refers to births in the preceding three years. of induced abortions, abortion rate and abortion ratio among women aged 15-44, by multiplier, nationally and according mate abortion incidence in Sub-Saharan Africa have been conducted in the past few years in Burkina Faso, Ethiopia and Rwanda, and less recently in Nigeria and Uganda. 15, 17, [25] [26] [27] All of these studies have included not only public-sector but also not-for-profit and private-sector facilities, thereby providing more comprehensive and accurate estimates of the number of women obtaining postabortion care, and, in turn, of overall abortion incidence. Abortions are likely to be highly unreported in studies that measure abortion incidence using direct techniques (such as interviewing women or providers), especially in settings where abortion is legally restricted. 28 As a result, indirect estimation techniques are accepted as the preferred approach for estimating abortion incidence in legally restrictive settings. The AICM has been widely used and found to yield robust estimates over time and across countries. This is the second study, after a prior analysis of Ethiopia, 15 to measure the number of women treated for postabortion care by combining two approaches: a Prospective Morbidity Survey that collects patient-specific data for a period of 2-4 weeks (30 days in the case of this study) and a Health Facilities Survey (the approach used by AICM studies), in which interviews with facility directors or other knowledgeable informants are used to obtain aggregate estimates of the number of women treated in each facility in the past month and in an average month. Use of these two different approaches produces a more robust estimate of this core input indicator for the estimation of abortion incidence, thus increasing one's confidence in the validity of the study results. Our validity check revealed that logbook data, where available, more closely resembled Prospective Morbidity Survey caseload data than they did estimates from the Health Professionals Survey, indicating that logbooks may be a good source of caseload information and could be referred to when collecting information about women who receive postabortion care in Malawi. Further studies would allow researchers to explore the extent to which logbook data can be considered a comprehensive data source and could support caseload projections from provider estimates or other data collection tools used on a per-case basis.
The limitations of the AICM have been described elsewhere; 19 they include the challenge of obtaining a quantitative multiplier from qualitative interviews with health professionals and the inability to verify a hospitalization rate for late miscarriages. We focus here on the specific challenges of applying the methodology in Malawi. Data quality will always be a concern; however, we feel that by using three sources of caseload information and the validity check, we were able to achieve and validate an annual estimate of the number of women treated for postabortion care that is more accurate than an estimate based on a single source. Although Malawi is a small country, some participants in the Health Professionals Survey may not have been highly knowledgeable about current conditions the two Health Facilities Survey estimates. The composite variable that averaged all three data sources yielded an estimate of 29,500 women treated for abortion complications. On average, 187 women were treated in each of the 166 facilities offering postabortion care in 2009; almost half of women who obtained such care did so at public hospitals, which treated a mean of 336 women per facility. Of the 29,500 women treated for abortion complications, more than 12,100 received care in the Central region (41%) and a similar number was treated in the South (Table 3) . As noted earlier, an estimated 10,800 of the 29,500 women with complications were treated for spontaneous abortion; thus, we estimate that 18,700 women were treated in health facilities for complications of unsafe induced abortion.
For Malawi overall, the rate of treatment for complications for either type of abortion (induced or spontaneous) was 10.2 per 1,000 women aged 15-44 (not shown). The treatment rate was highest in the North (14.0) and lower in the Central region (10.0) and the South (9.3). The hospitalization rate for complications of unsafe induced abortion was 6.5 per 1,000 women aged 15-44 for the country as a whole; it was 9.7 in the North, 6.5 in the Central region and 5.6 in the South.
Induced Abortion
From the Health Professionals Survey, we estimated that 28% of women who had induced abortions in Malawi in 2009 were treated at a health facility; the corresponding multiplier was 3.6 (range, 2.6-4.6). Applying the multiplier to the estimated number of women treated for complications (18,700) yields an estimate of 67,300 induced abortions (range, 48,600-86,000) in Malawi in 2009 (Table 4) . This is equivalent to an annual induced abortion rate of 23 per 1,000 women aged 15-44 (range, 17-30 per 1,000). The estimated induced abortion ratio is 12 per 100 live births (range, 8-15 per 100). Regional differences in the rate and ratio were similar across measures; the North had the highest abortion rate (35 per 1,000 women) and ratio (17 per 100 live births).
Unintended Pregnancy
The overall pregnancy rate in Malawi in 2009 was 269 pregnancies per 1,000 women aged 15-44 (Table 5 ). This rate was slightly higher in the North (288) than in the Central region (271) and the South (260). The national unintended pregnancy rate was 139 per 1,000 women aged 15-44; the rate was slightly higher in the Central region (148) and lower in the North (128). Overall, 52% of pregnancies in Malawi were unintended; again, the proportion was slightly higher than average in the Central region (54%) and somewhat lower than average in the North (45%).
DISCUSSION
This study is the first to estimate the incidence of abortion and unintended pregnancy in Malawi, nationally and regionally. Comparable studies that used the AICM to esti-1990 and 2015.
29 Global recommendations include taking three major steps to improve maternal and reproductive health for women: increasing access to family planning; improving access to quality care during pregnancy and childbirth; and increasing access to safe abortion services (to the extent allowed by the law), including provision of postabortion care for women with complications of induced and spontaneous abortions.
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Sexually active Malawian women, regardless of age or marital status, need greater access to family planning services and contraceptive choices. In 2010, 46% of married women reported currently using contraceptives, but an additional 26% had an unmet need for family planning. 4 Although the use of modern methods by married women rose from 28% in 2004 to 42% in 2010, our study found a high unintended pregnancy rate of 139 per 1,000 women aged 15-44. 4, 5 These figures illustrate that women need better access to contraceptive services (including information about and access to a range of methods) to increase the level of use and to reduce the incidence of contraceptive failure resulting from inconsistent and incorrect use. Young women are especially in need of such services, as 15% of unmarried women aged 15-24 are sexually active, 4 and half of all women seeking postabortion care in Malawi are aged 15-24 years.
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As part of an initiative that was started in 2003, the Reproductive Health Unit of the Malawi Ministry of Health has been increasing, through provider training and facility upgrades, the number of public facilities that provide postabortion care. Continuation of such efforts is needed to ensure that trained providers and equipped facilities are paired and distributed in such a way as to provide high quality coverage for postabortion care throughout the country. In addition, trained providers need constant access to the tools that are critical for reducing maternal mortality: short-and long-term contraceptive methods for the prevention of unwanted pregnancy, misoprostol for treatment of postpartum hemorrhage, and manual vacuum aspiration and misoprostol for the treatment of incomplete abortion.
Unsafe abortion can lead to maternal mortality, and Malawi has one of the highest maternal mortality rates in the world; 18% of maternal deaths in the country are attributable to unsafe abortion. 1 The findings of this study warrant careful consideration as the government and civil society organizations in Malawi continue efforts to achieve the Millennium Development Goals and improve the health of women and their families. At a minimum, needed measures include continued improvements in access to contraceptive services, with a special focus on information and services for young people both in and out of school, as well as training in abortion-related care for health care providers in the public and private sectors. Reforming the abortion law to allow explicitly for more indications for legal induced abortion, and making these services available, would reduce the number of women who have complications of unsafe induced abortion. The health of women in rural areas, as three-fifths of them were working in urban areas. Future studies should identify and interview more key informants with recent rural experience. Finally, this study does not provide national estimates of the number of women treated at all facilities, but rather of women treated at facilities that were believed to be providers of postabortion care. If some facilities that were not known to provide postabortion care services were actually providing these services, our findings may underestimate the number of women treated for postabortion complications. We estimated the abortion rate in Malawi in 2009 to be 23 per 1,000 women aged 15-44. The World Health Organization estimated the incidence rate for Africa as 28 and for the Eastern Africa subregion (which includes Malawi) as 36, indicating that our estimate is plausible and that Malawi may have a somewhat lower rate than is typical of Eastern Africa. 1 Studies that used a comparable methodology have found similar abortion incidence rates in other African countries, including Burkina Faso (18 per 1,000), Ethiopia (23), Rwanda (25), Nigeria (25) and Uganda (56). 15, 17, [25] [26] [27] The multipliers in these studies fall within a relatively narrow range (3.5-7.3) and are comparable to the value in our study (3.6), lending further support to our findings. Interestingly, the abortion rate in Malawi was highest in the Northern region. DHS data suggest that married women in this region have greater access to family planning than do women elsewhere in Malawi; in 2010, only 24% of women in the North had an unmet need for family planning, compared with 27% and 26% in the Central and Southern regions, respectively. 4 However, use of traditional methods, which have higher failure rates than modern methods, is higher in the North (about 8% of married women) than in the other two regions (where about 3% of married women use these methods), perhaps accounting for part of the difference. 4 Other DHS data from 2010 provide cultural and socioeconomic context surrounding these numbers. The proportion of women in the Central region who had had no schooling was four times that of women in the North, and at the national level, women with no education had had their first birth six years earlier than had women with more than a secondary education (at age 18 vs. age 24). Two in five women in the Central region had no exposure to newspapers, television or radio, compared with three out of 10 women in the North. Seventy percent of women in the North had been exposed to media-based family planning messages in the past few months, compared with only 58% of women in the Central region. Therefore, compared with their counterparts in the North, women in the Central region are less educated-both in general and in terms of family planning-and have less exposure to informational resources, including those that provide family planning messages. 
